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Abstract 
The traction battery enclosure is one of the most significant parts of an electric vehicle. Better structural 
performance and lightweight design of battery enclosure are e xtremely important in  current situation. 
This paper introduces a multi-object ive topology optimizat ion design method for the traction battery 
enclosure, in which both the static stiffness and dynamic frequencies are taken into consideration. The 
optimization is utilized to achieve a new battery enclosure structure with better static and dynamic 
performances. The results illustrate that the structural topology optimization approach can be a feasible 
and efficient design methodology for the traction battery enclosure structural design and can provide the 
designer with detailed guidance in conceptual design phase. 
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1. Introduction  
   In this paper, structural topology optimization is employed to the  optimization design of the traction 
battery enclosure. Firstly, three-dimensional geometric model and fin ite element model of the traction 
battery enclosure are established. Secondly, the mult i-objective topology optimization is conducted, which 
combines both the weighted compliance and the mean frequency to a single objective. Lightweight design 
is converted to volume constrains during the topology optimization. Finally, a new structure of the 
traction battery enclosure is designed based on the results of mult i-objective topology optimization.  
   Static and dynamic performances of the new structure are both improved compared to the original one, 
while the mass of the traction battery enclosure decreased 9.42% from 55Kg to 49.82Kg.  
2. Multi-objective  topology optimization theory  
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   Static and dynamic combined multi-objective topology optimizat ion is to minimize the objective 
function, which combines both the weighted compliance and the mean frequency. The mathematic  
function of this multi-object ive topology optimizat ion [1] is written as follows: 
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   Where ( )f x is the comprehensive objective function ; ( )C x and ( )/ x  are the  static and dynamic 
objectives respectively; w  is the weight factor of static target; 0C and 0/ are the init ial values of the 
weighted compliance and the mean frequency of the structure respectively. 
The decision factor is used to find the optimal compromise solution from a series of Pareto solutions 
obtained from the mult i-object ive topology optimizat ion. The mathematic function of the decision factor [2] 
is shown below: 
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Where kf   is the ideal optimal value of the k-th objective. The optimal compromise solution is obtained 
by finding the Pareto solution with the lowest value of decision factor. 
3. Finite element model of the traction battery enclosure  
The traction battery enclosure consists of up box, down box and ten brackets. And it is bolted to the body 
frame of the electric vehicle (Figure 1). 
                         
Figure 1 The traction battery enclosure                           Figure 2 Finite element model 
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Considering the characteristics of the tract ion battery enclosure, the methods are as follows:  Using the 
ACM unit to deal with the welding part, the rigid unit to deal with the bolts , quality index of HyperMesh 
to check the quality of grid model.  
Finally, the fin ite element model is shown in Figure 2, in which there are 38168 nodes and 37855 units.  
4. Multi-objective topology optimization 
Multi-objective topology optimization is a useful approach to combine both static and dynamic 
optimization to a single objective [3]. Five typical static operating conditions are as follows: 
ķThe vertical impact condition , the acceleration 2.5g(Z+);  
ĸThe left  turning condition , the accelerat ion 0.75g(Y+);  
ĹThe right turning condition, the acceleration 0.75g(Y-);  
ĺThe accelerat ing condition, the acceleration 0.35g(X+); 
ĻThe braking condition, the acceleration 1g(X-);  
The volume fraction (volumefrac) of the design space is constrained, and its upper limit is set to 60%, 
while the structural weighted compliance under five typical conditions is lower than the original structural 
compliance, the lower limit o f the first modal frequency is 30Hz, and the specific parameters are shown in  
Table 1. 
Table 1 Multi-objective topology optimization setting 
design variable the material density in each element of the design space ^ `1 2, , , Tex x x "x  
response 
variable 
the structural compliance under five conditions( 1 2 3 4 5, , , ,C C C C C ) 
the first  six modal frequencies ( 1 2 3 4 5 6, , , , ,f f f f f f ) 
user-defined optimization function 1 2 3 4 5 1 2 3 4 5 6( , , , , , , , , , , )F C C C C C f f f f f f  
the weighted compliance under five conditions (Multi-compliance) 
the volume fraction of the design space (volumefrac) 
constraints 
1 30Hf z!  
Multi-compliance < 3828 
volumefrac < 60% 
objective 
function min: 1 2 3 4 5 1 2 3 4 5 6( , , , , , , , , , , )F C C C C C f f f f f f   
 
The results of mult i-object ive topology optimization with different weighted factors are shown in Table 2.  
Table 2 Multi-objective topology optimization results 
factor w  objective 
function value 
weighted 
compliance mean frequency 1f  iteration number the decision factor 
0 0 3821 45.55 33.60 46 0.236 
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0.1 0.6144 3778 44.71 33.18 24 0.241 
0.2 0.6612 3695 43.78 32.12 25 0.235 
0.3 0.6910 3586 43.74 31.62 23 0.200 
0.4 0.7217 3382 41.73 31.00 26 0.178 
0.5 0.7373 3248 40.91 30.63 26 0.153 
0.6 0.7387 3092 40.32 30.36 28 0.116 
0.7 0.7599 3091 39.45 30.65 23 0.134 
0.8 0.7794 3091 38.36 30.16 23 0.158 
0.9 0.7947 3091 37.60 30.08 21 0.175 
1 0 3090 32.22 30.00 44 0.293 
 
From the results shown in Tab.2, it is clearly that multi-objective topology optimization with different 
values of weighted factor can provide different compliance and frequency results. Comparison of the 
results shows that the optimal solution of this multi-objective is the solution which weighted factor is 0.6 
and corresponding decision factor gets the lowest value 0.116. The change processes of the compliance 
and the modal frequencies during the optimizat ion are shown in Figure 3. 
     
(a) The compliance                               (b) The first six modal frequencies 
Figure 3 The compliance and modal frequencies changing  
The topology structure of this optimal solution is showed in Figure 4. 
    
(a) Up box                                                                     (b) Down box 
Figure 4 Multi-objective topology optimization structure of the traction battery enclosure ( 0.6w  ) 
5. New structure of the traction battery enclosure 
5.1. New structure design 
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An optimal conceptual structure of the traction battery enclosure can be carried out according to the 
multi-objective topology optimization results while considering the design criteria such as the 
manufacturing feasibility, layout space and so on. The new structure of the traction battery enclosure is 
shown in Figure 5. 
     
(a) Up box                                                              (b) Down box 
Figure 5 New structure of the traction battery enclosure 
Different thickness of steel plate bonding technology is used in the design of the new structure of the 
traction battery enclosure according to the requirement of manufacturing feasibility. The mass of the 
traction battery enclosure decreased 18.85% from 63.86Kg to 51.82Kg.  
5.2. Structural performance comparison 
In this section, the static and dynamic analysis of the new traction battery enclosure  and the structural 
performances comparison with the original structure are carried out. 
5.2.1 Static performance analysis 
The maximum stress and deformation of the battery enclosure are summarized in Tab le 3, the stress 
nephogram and deformat ion nephogram under the vertical impact condition are shown in Figure 6-7.  
Table 3 Static analysis results under each condition 
static condition 
original structure new structure 
maximum 
stress 
(MPa) 
maximum 
deformation 
(mm) 
compliance 
under the 
condition 
maximum 
stress 
(MPa) 
maximum 
deformation 
(mm) 
compliance 
under the 
condition 
vertical impact 137.70 7.279 3034 102.50 3.906 2180 
left  turning 89.94 4.804 1334 64.70 3.893 954.2 
right turning 91.59 4.812 1322 68.18 3.893 941.9 
accelerating 91.62 4.851 1347 68.55 3.905 968.5 
braking 91.74 4.845 1354 67.49 3.900 982.4 
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(a) The original structure                                                    (b) The new structure 
Figure 6 Stress nephogram comparison  
       
(a) The original structure                                                   (b) The new structure 
Figure 7 Deformation nephogram comparison 
The results above show that the maximum stress and the maximum deformation of the new traction 
battery enclosure under five typical conditions are both less than that of the original one. The compliance 
of the new structure is lower than the original structure (the stiffness is much h igher than the orig inal one. 
Therefore, the static performance of the traction battery enclosure has been improved. 
5.2.2 Dynamic performance analysis  
Dynamic analysis is mainly used to exp lore the vibrat ion characteristics of the structure. Dynamic 
performance of the structure has great influence on the safety and NVH characteristics of the electric 
vehicle. 
The frequency of each mode is shown in  Table 4 and the corresponding first vibrat ion modes are shown 
in Figure 8. 
Table 4 First six modal frequencies comparison 
mode 
original traction battery enclosure new traction battery enclosure 
modal 
frequency (Hz) 
main vibration 
position 
modal 
frequency (Hz) 
main vibration 
position 
1 23.47 up box 31.48 up box 
2 27.35 down box 35.68 down box 
3 32.75 down box 41.59 down box 
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4 34.31 up box 44.02 up box 
5 45.07 down box 54.93 down box 
6 53.42 down box 59.98 down box 
 
      
(a) The original structure                                            (b) The new structure 
Figure 8 The first vibration mode  
The results of dynamic analysis show that the first six modal frequencies of the traction battery enclosure 
are all increased, especially the first modal frequency of the structure increased from 23.47Hz to 31.48Hz. 
The new traction battery enclosure can prevent resonance efficiently while the range of the excitation 
frequency is 17~25Hz. Therefore, the dynamic performance of the traction battery enclosure has been 
improved. 
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